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Introduction to Grasshopper
During the first two weeks of the course, students were
introduced to Grasshopper and its basic functions and
capabilities. Students created catenary structures by
applying the Kangaroo plugin. They also learned how to use
the Karamba plugin to perfom basic structural analysis on
structural elements.

SHELL ONE

The purpose of this studio is to design a sun shelter for children at
the SLO Botanical Gardens. It will be used for outdoor presentations
and learning experiences. When coming up with the initial design of
the shell structure for the SLO Botanical Gardens, the team needed to
consider the material being used, the constructability of the structure,
the people who would be using the structrue, and the overall lifespan
of the shell.
There will be roughly 30’x60’ of flat land available for the construction
of the shell. The structure should be easy to build, where a regular
person with a set of instructions could construct it. It is important to
also consider the effects that weather will have on the shell, including
shading, rain, and insulation.

Study Model

Final Model
Following the crescent board study model, the group used the
CNC machine to route panels for the OSB model. Students began
to construct the shell in pieces and use scaffolding to create the
proper curvature and allow for members of the team to connect the
construced elements of the shell.
Dowels were utilized throught the shell in order to maintain the
connection between the outer and inner shell membranes.
After the completion of Shell One, the model was loaded with 94lb
cement bags until failure. Finite element modeling estimated that
the structure could withstand roughly 12,000lbs of gravity load
until failure. However, the shell failed at 1,100lbs due to poor thrust
containment.

Reflections
A lot was learned from Shell One. Moving forward onto Shell Two,
the group took into consideration several things: the amount of
assembly pieces (panels), the geometry of the coupling pieces
holding the two shell layers together, the visibility of the number
tags, and the material of the overall shell.
Shell One taught us that small panels result in a longer
construction time and that the couplings were susceptible to
failure and needed more contact with the panels. The group
decided to move forward with a plywood model next, as opposed
to OSB because of the strength and visibility of the numbering.
Other things that needed to be considered for the next model
were the footings, thrust containment, and desired curvature of
the finalized shell.

SHELL TWO

Alterations to Design
Taking into account the lessons learned from Shell One, several changes
were made to Shell Two. The next model used a triangular mesh as opposed
to a quad mesh, resulting in a larger panel size and quicker construction
time. The couplings were rounded for ease of construction. The footings
were completely redesigned and resulted in a parallel thrust containment
arrangement. Concrete blocks and a steel beam were placed at the extents
of the shell to help with containment.

Final Model
After constructing the new shell, it is encouraged that there be more
exploration into weather proofing the shell. This can include creating
a concrete or hydrocal layer on the outside of the structure. Other
options include green roofing or a mycelium layer that can provide
insulation, protection from weathering, and is a natural resource.

EKSTRA - Jay
Form Finding and Finite Element Analysis
My goal for this research was to use Grasshopper as a formfinding
tool, and gain a better understanding of how to transfer these models
to a finite element analysis software (SAP2000). After transferring
the designed models to SAP2000, I assigned material properties,
section properties, and boundary conditions to the structure. Then,
I performed a gravity analysis and solved for the critical buckling of
the structures using eigen buckling principles.
Moving forward, I hope to further analyze structures designed in
grasshopper by conducting nonlinear pushover analyses, step loading
analysis, and investingating fiber sections withing the structures.

EKSTRA - Audrey
AutoDesk Fusion 360 vs Rhino / Grasshopper
For part of my ekstra studies, I wanted to dive deeper into utilizing
Fusion 360 as a form finding tool for shells. The same form was modeled
in both AutoDesk Fusion 360 (on top) and Rhino / Grasshopper (on
bottom). Grasshopper allows for the user to form find and adjust
different parameters with number sliders. Fusion 360 forces the user
to model the form that they want and does not allow for effective
form finding. In the end, I found that Grasshopper is better for form
finding whereas Fusion 360 is more effective for modeling an existing
idea or shape.

Randomized Shell Generation using Grasshopper Python
As an additional study, I formed a script to generate shells using
Grasshopper Python. The python script creates randomized curves
on a user-defined grid. Grasshopper then lofts the curves to form
the final shells. I believe that this script can be developed further to
create more complex shell forms and generate beautiful final shell
designs.

EKSTRA - Sarah

POTENTIAL PUZZLE MODELS
-Material: paper board vs. plywood
Plywood does not fray and pushing top panels does not buckle couplings
Plywood has tigheter fit on couplings (may need larger holes)
Holes for dowels (?)

